Introduction
Early in the 19th century, people noticed that there is a relationship between solar eruptive events and geomagnetic activity, which in turn affects electrical and electronic equipment on the Earth (Carrington, 1859; Green and Boardsen, 2006) . In 1928, when solar and geophysical observations had been carried out routinely, the URSI (International Union of Radio Science) Central Committee of URSIgrams initiated rapid international information interchange services for solar-terrestrial data and solar activity predictions (URSI, 2017; ISES, 2017) . The term URSIgram represents a series of predefined codes developed for quick solar-terrestrial information exchange using telex (URSIgram, 2017) . The URSIgram message is still in use for its simplicity, but the telex has been replaced by e-mail.
When mankind entered the space age in the second half of the 20th century, with increasing requirements for space environment support for high technological infrastructures, solar-terrestrial monitoring and prediction services have been shown to be more important than ever. The concept of space weather was put forward (Lanzerotti, 2017) . To deal with this challenge, in 1962, the International URSIgram and World Days Service (IUWDS) was formed. It is the combination of the former URSI Central Committee of URSIgrams and the former International World Days Service, which started in 1959 as a continuation of part of the International Geophysical Year (ISES, 2017) . In 1996, the IUWDS was renamed to the current name, the International Space Environment Service (ISES), to reflect its function and responsibility more clearly. The mission of ISES is to organize and promote the international monitoring and prediction of space weather and help users to reduce the impact of space weather disasters (ISES, 2017) .
The ISES network is formed from regional warning centers (RWCs) distributed around the world, which are institutions responsible for the interchanges of solar-terrestrial data and space weather predictions. Currently, ISES has a total of 18 RWCs from different countries (ISES, 2017) . As one of the RWCs, RWC-China was established and has participated in the space weather information interchanges of ISES for more than 25 years. In the following sections, we give a brief description of the history of RWC-China. (Wang, 1988) .
In 1972, research papers on solar eruptive event predictions began to appear in Chinese domestic academic meetings. In the late 1970s, IUWDS (see the Introduction) began to organize international conferences on solar-terrestrial predictions and facilitate international cooperation in this field. Chinese researchers have attended all the international science meetings organized by IUWDS since 1979 and gradually integrated into the international community on solarterrestrial predictions. In 1980, CSGD began to participate in international solar-terrestrial data interchanges with the scientific data centers of other countries.
In the mid-1980s, there was a great improvement in the solar observation conditions at BAO. The new observing base, Huairou Solar Observing Station (HSOS), which is located at the waterside of the Huairou Reservoir in the suburb of Beijing, was completed and put into use. A new-generation solar telescope, the Solar Magnetic Field Telescope (SMFT), was set up at HSOS in 1986 and put into routine observation in 1988 (Ai, 1987; . Figure 1 shows the SMFT when it was just completed (NAOC, 2009). The SMFT can obtain high-quality vector magnetograms of solar active regions and has maintained continuous observations until the present day. The vector magnetic field accumulated by SMFT in the past decades greatly improved solar activity prediction methods and modeling studies (He et al., 2008) . The timely vector magnetograms of SMFT can also be helpful for the daily forecasting of solar eruptive events (Zhang et al., 1994) . The HSOS vector magnetogram data have been included in CSGD since 1995 (Wang, 1997) .
Construction of RWC-Beijing
In 1990, as the representative of the solar-terrestrial prediction community in China, BAO submitted an application to the IUWDS Steering Committee to participate in the IUWDS and set up a new regional warning center in China (NAOC, 2009). The application was accepted and agreed by IUWDS. In the same year, the Solar Activity Prediction Center (SAPC) was founded at BAO and started solarterrestrial data and prediction interchanges with other members of IUWDS. Besides BAO, the SAPC also includes the Purple Mountain Observatory (PMO) and the Yunnan Astronomical Observatory (YNAO) of CAS to form a network for solar activity monitoring and prediction in China.
In May 1991, the Regional Warning Center Beijing (RWCBeijing) of IUWDS was officially approved in China and was formally established in February 1992. RWC-Beijing consists of four subcenters; besides the SAPC at BAO, the other three subcenters are the Geophysical Prediction Center, the Space Environmental Prediction Center, and the Ionospheric Prediction Center, which belong to several different institutions in China (Wang, 1993; see Table 1 ). The headquarters of RWC-Beijing is located on the campus of BAO. The tasks of RWC-Beijing are improving the solar-terrestrial forecast level, enlargement of the service field, collaboration with domestic and international organizations, and exchanging fore-cast information and observational data with other RWCs to serve the users in local regions and the world.
Data collection and solar-terrestrial predictions at RWCBeijing were made through its four subcenters. The solarterrestrial data collected by RWC-Beijing include daily sunspot number, sunspot area, parameters of sunspot groups, Hα flares, 10.7 cm flux and bursts, cosmic ray intensity, geomagnetic indices and storms, and sudden ionospheric disturbances. The daily short-term solar-terrestrial predictions of RWC-Beijing include solar X-ray flare forecasts, solar proton event forecasts, and geomagnetic storm forecasts (Wang, 1997) . BAO was responsible for receiving, combining, and archiving these materials and producing the standard daily URSIgram messages of RWC-Beijing. The solar-terrestrial data collected were published in the CSGD once a month. The data and prediction products are sent to the users and relevant communities in China and exchanged with the World Warning Agency (WWA) of IUWDS/ISES as well as other RWCs around the world. WWA is the hub for data and forecasts exchanges in IUWDS/ISES, which is operated by the Space Weather Prediction Center (SWPC), i.e., RWC-USA, in Boulder (ISES, 2017; SWPC, 2017) ; also note that IUWDS was succeeded by ISES in 1996; see Sect. 1. In the mid-1990s, all four subcenters of RWC-Beijing were using the Internet, and e-mail replaced the telex for daily information exchanges.
With the establishment of RWC-Beijing, the product line of the SAPC at BAO was extended to cover short-term, medium-term, and long-term solar activity predictions. The short-term prediction was issued every weekday and included 1-2-day solar X-ray flare and proton event forecasts (Zhang et al., 1994) . The first short-term solar activity prediction of SAPC with standard URSIgram codes was released in January 1991. The medium-term prediction of SAPC was distributed every half-month, and the forecast items included shortwave fadeouts and solar proton events associated with flares and the smoothed monthly mean sunspot number over the next half-month. It was the continuation of the traditional medium-term prediction service of BAO provided since 1969 (see Sect. 1). The long-term prediction of solar activity estimated the smoothed monthly mean sunspot numbers and parameters of the forthcoming solar cycle with a timescale of years, which was made irregularly (Wang, 1993) .
Besides the operational prediction services, RWC-Beijing was also active in solar-terrestrial prediction modeling and physics research. Many researchers of RWC-Beijing joined a large Chinese research program entitled Energy Transport Processes in the Solar-Terrestrial System and the follow-up research programs, which have been supported by the National Natural Science Foundation of China (NSFC) since 1993. RWC-Beijing scientists also participated in an international cooperation project called SOLar connections to Transient Interplanetary Processes (SOLTIP), which operated in the 1990s (Wang, 1997 (Wang, 1997) . Scientists of RWC-Beijing also attended several international meetings organized by IUWDS/ISES in the 1990s, such as the meeting in Canada in 1992 and the meeting in Japan in 1996.
Personnel exchanges and collaborations with other RWCs were facilitated at RWC-Beijing. In the 1990s, members of RWC-Beijing visited RWC-Russia (Moscow), RWCAustralia (Sydney), RWC-Japan (Tokyo), and RWC-USA (Boulder). Meanwhile, scientists of RWC-Japan, RWCAustralia, RWC-Russia, and RWC-USA also made successful visits to RWC-Beijing (Wang, 1997) . Scientific exchanges were implemented through these mutual visits.
In addition to prediction services, data services, and collaborative research services for professional users (e.g., scientists, satellite operators, satellite orbit forecasters, shortwave communicators, power plant and electrical equipment maintainers, etc.), RWC-Beijing also provided services for external users, such as weather and climate forecasters, harvest forecasters, disaster forecasters, geophysical explorers, and amateurs. RWC-Beijing tried to provide users with a simple, clear, and quantitative service that would be useful for their own purposes (Wang, 1997) . After 10 years of development in the 1990s, RWC-Beijing had laid a solid foundation for its role in solar-terrestrial prediction services and collaborations in China.
RWC-China in the new century
With the coming of the 21st century, human life is more and more dependent on electronic devices and space satellites (e.g., satellite communications and GPS applications); the industrial automation and control systems in factories are more sensitive to geomagnetic disturbances, and the concept of space weather is generally known by the public. Economic development in China provided more opportunities for space weather research, operation, and instrument construction. Solar-terrestrial prediction services entered a new era.
In 2000, RWC-Beijing was renamed RWC-China according to ISES requirements. In 2001, the National Astronomical Observatories, CAS (NAOC) was established based on the BAO and several other astronomical institutes of CAS. All the solar-terrestrial data and prediction services of BAO were taken up by NAOC. The headquarters of RWC- Table 1 for a summary of the four subcenters, and note a minor adjustment to the subcenter names of IDPC and GSPC in contrast to the RWC-Beijing era; the service areas and the current web pages of the subcenters are also given in Table 1 .) Meanwhile, more institutions and colleges have become involved in the space weather community in China (Wei et al., 2003; Wang and Wang, 2006) . In particular, the China Meteorological Administration (CMA) contributes to the discussion of space weather in the World Meteorological Organization (WMO) and the International Civil Aviation Organization (ICAO) as a representative of China; the Polar Research Institute of China (PRIC) also has a wealth of activities related to space weather research. The efforts of the whole space weather community provide valuable observational and scientific support for the operational activities of RWC-China (Wang and Wang, 2006) . At the beginning of the new century, several new solarterrestrial observation instruments and projects were proposed and constructed. In 2005, a new solar magnetic field telescope, the Solar Magnetism and Activity Telescope (SMAT) was set up at HSOS of NAOC and can obtain full disk photospheric vector magnetic field data of the Sun. In 2010, the 1 m New Vacuum Solar Telescope (NVST) was set up at the Fuxian Solar Observatory of YNAO and put into use (Liu et al., 2014) . The antenna array of the MingantU SpEctral Radioheliograph (MUSER) of NAOC, formerly known as the Chinese Spectral Radioheli- ograph (CSRH), has been constructed at the Mingantu Observing Station in Inner Mongolia, northern China and put into operational observation (Yan et al., 2009) . (See Fig. 2 for a map of the three solar observation instruments.) An ionosonde and digisonde network connecting most of the cities in China and several stations in the Arctic and Antarctic has been constructed and is operated by the IDPC of RWCChina. A large-scale network for geomagnetic field observations has also been constructed and is operated by the GSPC of RWC-China (Wang and Wang, 2006) . (See Figs. 3 and 4 for maps of the observation networks operated by the IDPC and GSPC.) A new ground-based space weather monitoring instrument network for monitoring China's geospace environment, the Meridian Space Weather Monitoring Project (or Chinese Meridian Project), has been constructed and started to collect data in 2012. It consists of a chain of 15 ground-based observatories roughly along 120 • E longitude and 30 • N latitude. (A map of the 15 observatories can be found in the article by Wang, 2010a.) All four institutes that host the four subcenters of RWC-China (see Table 1 ) participate in the project (Wang, 2010a) .
Besides the usual routine services of solar-terrestrial data and predictions, in the new century, members of RWC-China also provide special space weather prediction services for several Chinese space missions, especially for the Shenzhou series of manned space flights and the Chang'e series of moon exploration spacecrafts (Wang, 2010b) . Figure 5 shows an example of these services, which is for the Chinese Shenzhou VI manned space flight mission in October 2005. These special services (presented by the SEPC and contributed by all members of RWC-China) are effective and successful and have been praised by users. The space environment data detected by the spacecrafts also enriched the data collections of RWC-China.
In 2000, a new series of basic research programs on space weather was initiated in China and is supported by the Ministry of Science and Technology of China. The first program of this series was named Intense Solar Activities and Space Weather Hazards. Scientists of RWC-China were involved in the programs and made great efforts to improve the forecasting models. Many papers on space weather modeling were published in domestic and international journals. The contents of the model studies cover a wide range of topics including solar activity, interplanetary space environment, geomagnetic activity, ionosphere, and atmosphere environment. The main purpose of the research programs is to integrate different models to form a chain of forecasting from the Sun to the Earth (Wang and Wang, 2006; Wang, 2010b) .
At SAPC, artificial intelligence techniques and physical analyses of the photospheric magnetic field and coronal magnetic field have been introduced in solar activity prediction model studies in recent years He et al., 2008) . The currently available prediction models for the operational forecasting of solar activities include the solar flare short-term prediction model, the solar proton event shortterm prediction model, the solar 10.7 cm radio flux prediction model, the solar active level quantitative assessment model, the nonlinear force-free field (NLFFF) extrapolation model for the coronal magnetic field, and the solar cycle long-term prediction model (He et al., 2012) . In addition to solar X-ray flare and proton event forecasting, solar 10.7 cm radio flux daily value forecasting for the following 3 days was added to the routine services of short-term prediction at SAPC. In H. He et al.: A brief history of RWC-China 2010, the solar X-ray flare active level forecasting for the next 7 days (1 week) was added to the medium-term prediction services. A verification of the short-term solar Xray flare predictions issued by RWC-China in the maximum phase (2000) (2001) of solar cycle 23 gives an accuracy rate of 66 %, which is similar to the predictions by the WWA of ISES (Zhu and Wang, 2003) .
International and domestic scientific meetings on space weather were frequently held in China during the past decades. Personnel exchanges and cooperation between RWC-China and other RWCs are more frequent than ever. In July 2006, the 36th COSPAR Scientific Assembly was held in Beijing, China. Taking this opportunity, RWC-China hosted the ISES Annual Meeting 2006 at Beijing Friendship Hotel on 15 July 2006. The group photo of this meeting is shown in Fig. 6 . In 2009, also in Beijing, RWC-China held a domestic workshop for space weather prediction modeling and application.
In recent years, Internet applications are more and more important for scientific activities. Many discussions and cooperation now can be done through Internet tools. Computer platforms and Internet services (e.g., web pages) play an important role in the operational activities of space weather monitoring, data exchanges, and forecast distributions (see Table 1 for Internet services employed by the subcenters of RWC-China). In 2000, RWC-China began to develop a computer platform system and web pages (http://rwcc.bao.ac.cn/) for operational space weather predictions. Until now, there have been three generations of operational platforms that were developed or are being developed at RWC-China (He et al., 2012) . The first-generation platform was a single machine system with a simple database and web pages, which was put into use during [2001] [2002] [2003] [2004] [2005] [2006] . The second-generation platform was a multi-machine system, which was put into use after 2006. It has complex data tables in the database system, with the prediction models being integrated into the platform. The third-generation platform is being developed at RWCChina and has a dedicated database server and mass storage device with interactive web pages and a 3-D computer simulation interface. The third-generation system is a completely new operational platform for space weather monitoring and prediction and will be the basis for a new starting point of RWC-China for future advances in the 21st century.
Summary
After 25 years of development, RWC-China has established a complete service system of space weather predictions, developed certain prediction models for operational forecasting, and constructed computer systems and Internet services for data exchange and forecast distribution. Domestic and international cooperation is carried out regularly and intensively. Besides the NAOC having been the representative institution of RWC-China, the host institutions of the other three subcenters (see Table 1 ) were recently assigned as the Associate Warning Centers (AWCs) of ISES (ISES, 2017) , which means that all the subcenters of RWC-China are playing a more active role in the ISES community.
In the future, while still emphasizing services for traditional professional and external users, RWC-China will pay more attention to services for ordinary people, since the effects of space weather disturbances have gradually reached into everyday life. More physical mechanism analyses will be introduced in space weather prediction model studies in addition to the traditional statistical approaches and the experiences of the forecasters. Quantitative prediction models will be developed to provide users with more precise forecasts. Data collection and automatic analyses will greatly rely on computer systems, and the results of quantitative forecasts will be presented to the user with visualized scenes and 3-D simulations. The products of ST predictions will be more suitable for the real needs of users. In addition to the current approaches to international scientific exchanges, RWC-China will devote itself to international cooperation projects and provide contributions to the further development of ISES.
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